Indanyl carbenicillin, an ester of carbenicillin with indanol, is absorbed in the intestine after oral administration and is subsequently hydrolyzed to release the parent antibiotic which can be measured in serum and urine. To study the metabolism of indanyl carbenicillin, labeled indanol was prepared by exchange with tritiated water and was used, with phenylmalonyl chloride and 6-aminopenicillanic acid, to prepare labeled indanyl carbenicillin. Labeled indanol and indanyl carbenicillin were orally administered to dogs and rats with good recovery of label in the urine. In the dog, indanol, whether administered as such or as indanyl carbenicillin, was excreted in the urine as the glucuronide and sulfate ester conjugates of indanol and as conjugates of two hydroxyindanones and two hydroxyindanols, as determined by combined gas chromatography-mass spectrometry. Rats, conversely, excreted only the conjugates of indanol, whether indanol or indanyl carbenicillin was administered. After oral administration of unlabeled indanyl carbenicillin to humans, conjugates of indanol were recovered in the urine in excellent yield, as determined by a gas chromatographic assay. None of the other indanol metabolites formed by the dog was observed in human urine.
Indanyl carbenicillin is an ester of carbenicillin with indanol ( Fig. 1 ). Unlike carbenicillin, the ester is absorbed after oral administration, giving rise to appreciable concentrations of antibacterial activity in the serum (4) . After intestinal absorption, indanyl carbenicillin is cleaved by serum and tissue esterases to yield the active antibiotic, carbenicillin, and indanol (2) . The metabolism of the former has previously been discussed (1, 3) ; the purpose of this report is to describe the kinetics and metabolism of indanol after the administration of indanyl carbenicillin and of free indanol.
MATERIALS AND METHODS
Labeled indanol. A 2-mmole amount of 5-indanol was heated at 90 C for 18 hr in a sealed tube with 1 mmole of K2CO3, 0.7 ml of methanol, and 1 ml (5 Ci) of tritiated water. The tritiated indanol was extracted into ether at pH 7, washed with water, and dried with Na2CO3. Chemical and radiochemical purity were determined by gas chromatography and thin-layer chromatography. The yield was 214 mg (79.8%), 255.6 ,ACi per mg. It has been shown that electrophilic substitution under these conditions introduces tritium into the two positions ortho to the existing phenolic group (6) .
Labeled indanyl carbenicillin. To 0.90 g of phenylmalonic acid in 5.5 ml of isopropyl ether under nitrogen was added 0.654 g of thionyl chloride in 1.0 ml of dimethylformamide. The mixture was refluxed at 65 C for 90 min to form the monoacid chloride. This was then cooled to 30 to 40 C, and 0.603 g of 5-indanol was added (including 0.06 g of the labeled indanol described above). After refluxing at 65 C for 1 hr and cooling to 20 C, 2.5 ml of water was slowly added over Animal studies. Rats and dogs were dosed orally via stomach tube with solutions of labeled indanol or labeled indanyl carbenicillin and were kept in metabolism cages for collection of excreta. Urine, serum, and bile were assayed for radioactivity by direct addition of a small sample to a scintillator mixture. Feces were homogenized with water, lyophilized, and combusted in an oxygen atmosphere; the resulting water was trapped in a mixture of ethanolamine-methyl Cellosolve (1: 2). Radioactivity was determined in a Nuclear-Chicago scintillation spectrometer. Urine, bile, and aqueous extracts of feces were extracted with ether for the assay of free indanol and were extracted after incubation with 3% Glusulase (a mixture of glucuronidase and sulfatase, Endo Laboratories) overnight at 37 C for determination of total indanol. Indanol was determined by gas chromatography in a Perkin-Elmer 881 instrument with the use of a 6-ft (1.8-meter) column of 5% W-98 silicone gum at 130 C. Combined gas chromatography-mass spectrometry was performed on an LKB-9000 instrument to which was added a Barber-Colman 5190 radioactivity detector (5) .
Human studies. Single 1-g doses of unlabeled indanyl carbenicillin, in tablets, were administered to healthy male volunteers, and urine was collected during various intervals thereafter. Samples were treated with glucuronidase and assayed as described above.
RESULTS AND DISCUSSION
The excretion of radioactivity in the urine after the oral administration of labeled indanol or indanyl carbenicillin to rats and dogs is indicated in Table 1 . Within a 3-day period, virtually all of the radioactivity given appeared in the not extractable until after enzyme treatment. Thus, the label is primarily excreted in the form of conjugates. Gas chromatography of extracts of enzyme-treated urine from rats and humans was used to assay the amount of indanol conjugates present in these samples. Only indanol was observed. For the rat, the concentrations were in excellent agreement with the amounts calculated to be present on the basis of radioactivity. For the human, all of the indanol theoretically derivable from the amount of indanyl carbenicillin given was found (Table 2) . Thus, the indanol aspect of the metabolism of indanyl carbenicillin is quite simple in these two species: it is rapidly released from the ester and excreted as glucuronide and sulfate conjugates in 100% yield.
With the dog, the situation is considerably more complex. On chromatographic assay, only about 20% of the indanol (administered as indanol or as indanyl carbenicillin) was excreted as conjugates of indanol. Moreover, several other gas chromatographic peaks were observed. When operated with a radioactivity detector (5), the results shown in Fig. 2 were obtained. These recordings were obtained by the simultaneous operation of the two detectors on the same gas chromatographic column. The sum of the radioactivity in the peaks emerging from the column was equal to the radioactivity injected into the column, and therefore all of the metabolites are represented here.
With the use of the same column and conditions, injections were then made with the effluent going to a mass spectrometer. Mass spectra of the appropriate substances were obtained as the metabolites emerged from the column. The first peak, which had the same retention time as indanol, was found indeed to be unchanged indanol. Peaks C and D were both hydroxy indanones with very similar mass spectra and thus of isomeric structures. Peak B, from its mass spectrum, was a hydroxy indanol. After derivatization of the extract to form silylated compounds, and chromatography, this hydroxy indanol peak was replaced by two peaks representing a pair of silylated hydroxy indanols. Chromatography without derivatization had thus failed to separate the two hydroxy indanols, and they had come off the column with the same retention time. The mass spectra of the two derivatives were again very similar. Because of this great similarity in mass spectra, it was clear that the additional hydroxyl group had been introduced on the aromatic ring in both cases or on the alicyclic ring in both cases. If the former were the case, at least one of the metabolites would have a hydroxyl in a position formerly occupied by a tritium atom; this metabolite would therefore have half the specific activity of the indanol. However, an examination of the simultaneous radioactivity detector and flame detector tracings (Fig. 2) indicated that all of the metabolites had approximately the same specific activity. Thus, the tritium had not been displaced, and hydroxylation could not have occurred on the aromatic ring. Since the mass spectra were so similar, the 1 and 3 positions on the alicyclic ring were thus involved. Figure 3 , then, indicates how indanol, whether administered as such or as indanyl carbenicillin, is metabolized by the dog. Authentic samples of the two isomer pairs were synthesized to confirm the structure assignments and to differentiate between the isomers. Quantitative information concerning the relative amounts was obtained from the gas chromatographic tracings. All of these substances are excreted as their glucuronide and sulfate conjugates. 
